The ultra-wideband wireless personal area networks are expected to be most commonly employed in desktop environments. This paper presents a measurement campaign conducted on a typical office desk. A pair of omnidirectional UWB antennas and a vector network analyzer were used to measure the impulse responses over a frequency range spanning from 6 GHz to 8.5 GHz, in accordance with the UWB regulations in Europe. The coherence bandwidth and the rms delay spread are calculated from the measurement results. A significant correlation between these wideband parameters is found, but only at higher correlation thresholds.
I. INTRODUCTION
Ultra-wideband (UWB) technology is a promising candidate for short range, high data rate systems. FCC regulations in the USA authorize the unlicensed use of UWB in the range from 3.1 to 10.6 GHz [1] . The power spectral density emission limit for UWB emitters operating in the UWB band is -41.3 dBm/MHz. This is the same limit that applies to unintentional emitters in the UWB band, known as Part 15 limit. In Europe, the ECC decision is more restrictive, narrowing the range from 6 to 8.5 GHz [2] . This paper deals with UWB signal propagation on an empty desktop surface located in a furnished office room. The measurements were taken in accordance to the ECC regulations. A similar measurement campaign may be found in [3] . Over the past few years the UWB systems have been researched extensively, resulting in numerous published papers, covering a wide range of topics, such as signal propagation [4, 5] , channel modeling [6, 7, 8] , interference analysis [9] , etc. Most of these studies are carried out in the FCC frequency range. The wireless signal propagation in desktop environments has also been studied at higher frequencies, in millimeter wave region [10] and at 60 GHz [11, 12] . Along with an extensive set of channel measurements in the ECC frequency range, the novelties in this paper include an analysis of correlation between the measured delay spread and coherence bandwidth, resulting in a conclusion that a certain correlation exists only at a higher correlation threshold. In such specific LOS scenario the coherence bandwidth should not be estimated directly from the measured delay spread.
In the next section the measurement system and procedure will be explained. The third section presents the measurement results, while the fourth section deals with the channel parameters derived from the measured data, which describe the time dispersive nature of the channel.
II. MEASUREMENT PROCEDURE
The measurements were conducted on a surface of a typical office desk made of chipboard, placed in one of the office rooms in our university building, as presented on Inner walls that separate offices and laboratories are mainly made of plasterboard constructed with a thin wire grid composition while the external wall and floors are made of reinforced concrete. The floor is entirely covered with wooden parquetry; the doors are made of plywood, while the office furniture is made of various wooden materials.
A 1600x700 mm grid with 100 mm step, placed on the desk. The x axis was parallel to the longer desk edge, while the y edge was placed at the centerline. As the measurements were conducted, the transmitting antenna was located at the grid origin, 50 mm from the back side of the desk, while the receiving antenna was moved along the remaining 135 points on the grid for each measurement.
The measurement system consists of a HP 8720A vector network analyzer, two omnidirectional antennas, a semi rigid coaxial cable and a flexible coaxial cable. The antennas are built according to the two-circular-hole planar inverted cone model [13] , etched on a printed circuit board and mounted on a copper disc ground plane. Both antennas have a reasonably flat frequency response, and VSWR less than 1.5 throughout the entire frequency range from 6 to 8.5 GHz, as shown in Fig. 2 . The antennas were raised 75 mm above the desk to make space for cable connections. As the measurements were taken, a special attention was paid to proper antenna placement, as well as leveling the ground planes to avoid any gain or loss caused by the elevation pattern. The inverse Fourier Transform was used to convert the frequency domain data to corresponding time domain responses. In order to extend the measurement system dynamic range, following the frequency response calibration, an averaging function was enabled. This resulted in reduction of the random noise effect and time-variability of the channel, as each measurement result is averaged by sets of 16 successive sweeps. The measurement setup is presented on Fig. 4 . 
and converts the results to the time domain by utilizing the time domain capability as:
where
is the inverse Fourier Transform ℑ -1 of the frequency window W(f) used by VNA, determined by measurement bandwidth, and:
is the channel impulse response.
Using the inverse Fourier Transform the impulse response is obtained from the measured frequency response, giving the power delay profile as P h (t) = |h meas (t)| 2 , where h meas (t) is a band-limited measured version of h(t) [14] .
Two examples of measured power delay profiles at points (0,200) and (800,700) are presented on Fig. 5 and Fig. 6 , respectively. As there were no obstructions of the LOS radio path during the measurement procedure, these power delay profiles are characterized by the dominant first ray in the first cluster. Comparing the two presented profiles it is evident that as the path length increases, the first ray amplitude gets impaired and the time of first ray arrival gets longer. As these two parameters are hard to compare on a large number of measured profiles, they will be presented in form of contour plots, where x and y axes are equal to the desktop grid.
In these measurements the first ray is always the direct ray, which attenuation is determined by the free space path loss. The first ray amplitude for each measurement point is presented on Fig. 7 . Some minor discrepancies are present, most likely due to the presence of the measurement equipment. Fig. 8 presents the first ray arrival time contour plot obtained from the measurement results. It can be seen that the values are evenly distributed in shape of concentric half circles. This is expected, since the first ray arrival time is directly proportional to the antenna separation. The rms delay spread provides a raw estimation of the channel while the coherence bandwidth B c at some correlation threshold C ∈ (0, 1) defines the measure of frequency selectivity of the wideband channel. Both parameters can be calculated directly from the measured frequency averaged power delay profile [15] . The n th moment of the received power delay profiles is given by: 
Applying the Fourier Transform on measured power delay profile, we obtain the maximum frequency separation Δf, or the coherence bandwidth B c , over which the channel can be considered flat:
where C represents the correlation threshold [15] . As for the connection to the delay-spread, an inverse proportionality of these channel parameters has been observed in numerous references. Moreover, the theoretical minimum coherence bandwidth B Cmin is derived under the assumption of a wide-sense stationary channel in [16] as: The rms delay spread is calculated for each measurement point using the expressions (5, 6) . The results are presented in form of a contour plot on Fig. 9 . As expected, the rms delay spread increases as the radio path gets longer, although some discrepancies exist in certain regions of the desktop surface, due to the multipath propagation caused by the reflections in the room, at measurement equipment, and on the desk itself, such as two local minima at x = 600.
The coherence bandwidth is calculated from the measured data according to (7) for two commonly used correlation thresholds, C 1 = 0.9, Fig. 10 and C 2 = 0.707, Fig. 11 . The results show that a higher threshold yields a more narrow coherence bandwidth. The minimum coherence bandwidth estimated from the measured delay spread (8) exhibits much lower values than those calculated from (7) for both correlation thresholds. This is caused by multiple reflections on the desktop surface which increase the delay spread while not affecting the coherence bandwidth to same extent. Fig. 11 . Estimated coherence bandwidth at correlation threshold C 2
Comparing the rms delay spread plot with two different coherence bandwidth plots it can be noticed that a higher correlation threshold yields a certain correlation between these two parameters, while the lower threshold results in very low correlation. Correlation coefficients between the measured rms delay spread and coherence bandwidth are calculated for each threshold and presented in Table 1 . The negative values show that the delay spread and coherence bandwidth are inversely proportional.
V. CONCLUSION
This paper presented an UWB channel measurement campaign carried out on an office desk. A pair of UWB omnidirectional antennas was built and used with a vector network analyzer to measure the impulse responses at evenly distributed points on an empty desktop surface.
The rms delay spread and coherence bandwidth were estimated from the measured data in order to find a correlation between them. The coherence bandwidth was calculated for two different correlation thresholds. From the graphical presentation of the results it was evident that there was no significant delay spread -coherence bandwidth correlation for the lower correlation threshold, while the higher threshold level exhibited a noticeable amount of correlation. The corresponding correlation coefficients were calculated to confirm this observation.
Multiple reflections on the desktop surface increase the delay spread while not affecting the coherence bandwidth in same amount. For this reason, the coherence bandwidth should not be estimated directly from the rms delay spread when designing an UWB communication channel in similar environments.
